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surhARY

A study has been made ok the heat-transfer prooesses
in liquid-cooled engines and an equation has been developed
that relates the heat rejeotlon to the coolant and the
en
F
ne operathg conditions. Tests of an Allison

.V- @-11.engine haV6 been made to cheek the acouraoy of
the equation and to establlsh the oooling characteristics
of the engine. By determining the few oonstants of the
equation, tlm t,eatrejection to the coolant may be pre-
dicted with good accuracy for any partloular engine
operating oonditlon. The tests showed that the rate of .
heistdissipation to the coolant was only slightly affected
by either the rate of coolsnt flow or the relative pro-
portiormof ethylene.glyeol and water oomposlng the ooolant
mh’ture,

. . INTRODUCTION

An analy8i8 has been made of t~ heat-transfer.pro- .
oesses in liquid-cooled engines to determine the effects
of’the various engine and ocollng parameters upon the heat
rejeotion to the ooolanto. This snalysis parallels the
sn4ysis of heat-transfer processes in air-oooled engines
presented i.n.refelrenoe1.

In the analysis of referenoe 1, equitions were
.. developed tb=t relate the cylinder temperatures and the .

engine operating oonditiOns~ These equetlons have proved
very useful in.providing a means of mmpletely determining
the oooling &araoteristios of air-aooled englnsswith a
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minimum of testlnga In the presant re ort somewhat
Tsh.llar equations are developed that g ve the heat rejeo-

tion of liquld-oooled engines as a funotlon of the engine
operating conditlonso

Tests of an Allison V-34.20-112&cyl~nder, ltquld-
oooled engine installed In an XB-39 nacelle were made to
cheek the -alyais and to determine the heat-rejeotion
oharaoterlstics of this engines The tests were made over
a wide range of engine operating conditions. The Ooolants
used were ethylene glyool, water, and two.mixtures of
ethylene glyool and water.

SYMBOIS

A, At, B, a, b, d, f,.m,”n constants

CP

‘Pa

‘Pg

6

H

Ho

%

h

J

k

speolfio.heat of
mu per pound

speolflc he”atof
pound per ‘F

speolfio heat of
13tuper pound

speoifie heat of
pressure,

aoceleratlon
sec+ond

rate of heat

rate of heat

Btu

due

fluid at constant pressure,
per ‘F

atr at oonstant pressure, Btu per

coolant at constant”pressure,
per oF

combustion gases at constant
per pound per ol?

to gravity, feet per seoond per

transfer,.Btu

transfer from
coolant, Btu p“erseoond

rate of heat transfer from
cylinder walls, 13tuper

per eeocuxl

cylinder walls to

oombustlon gases to
seoond ..

surfq6e heat-transfer ooeff~oient,.Btuper seoond
per square foot per ‘F

meohantoal equivalent of heat, foot-pounds per Mu

thermal conduotlvlt of fluid, Btu per seoond.per
square foot per ~F through 1 foot

,.
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k. thermal oonduotlvity of ooolant, Btuper seoond
% through 1 foot.. .- per square foot per

z
s
t*
t

carb

tf

‘6
’80

tw

tw 1

v

Vt

W.

W*

iitb

ATO

P

PC

Vg

P

themal oonduotitity of combustion gases, Btu per
aeeond per squsre foot per ‘1?through 1 foot

linear dimension of fluid passageway, feet

surfaoe area in contaot with fluid, square feet

“averageooolantitemperature through engines ‘F

carburetor-alr temperature, ‘F

average temperature ~f flui&, ‘F

effeotive gas te&pe&sture,.°F

effeotlve gae temperature for 0° F intake-air
temperature, *F “

average cylinder-wall temperature, ‘F

temperature of oyllnder wall measured with
embedded thermocouples at looations shown in
figure 3, ‘F

average velocity of fluid, feet per second

impeller tip speed, feet per seo~nd

ooolant flow rate, pounds per second

engine-air flow rate, pounds per hour

blower temperature rise, ‘F

coolant temperature rise through engine, ‘F

i
absolute v soqsity of”fluid, slugs per seoond

per foo
vlaoosity of ooolant, slugs pe% .seoond

abs;::t?oot
absolute vlseosity of combustion gases, slugs

per seoond per foot ‘

~ensity of fluid, slugs per”oubio foot “

1 . .- -- —.
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pm manifold prossum, inohes of mer”ouryabsolute
-. . .. .

F oorreotlon factor applied to obtain Z ( figo g(b) )

%
oorreotion factor fOr fuel-air ratio (figc 13) .

% correction factor for eng?ne speed (fig. 13)

ANALYSIS

An understanding of tbe faotore determining the ‘
amount of heat rejected to the coolant in a Mquld-ooo,led
engine can be obtained from a study of the processes by
which heat is transferred from the combustion gases to
the cylinder walls and frti the oyllnder walls to the
ooolant. It has been shown that nearly all the heat
transferred from the combustion gases to the cylinder ‘
walls Is transferred by ~oroed oonveotion. Heat may be
transferred from the cylinder walls to thd coolant either
by forced convection or, If the temperature of t~ coolant
is sufficiently M@, by a oomblnatlon of forced convec-
tion and boillng.

!h8t8 haw 8hOWZZthat, In g8p&J=l, IZK)d8?& boZMng
or vaporization of the ooolant in a llquifl-oooledengine
has little effeot upon the over-all rate of heat transfer~
.Results of.tests of an AuisoiI v-171o-81 engine at the
HACA Aircraft Engine Researoh Laboratory, Cleveland, (Mo,
indfoated that reduolng the ooolant pressure from 30 to
15 pounds per square inolaabsolute inmeased the heat
transfer not.more “thanabout 3 peroent, etin thou@ in
sons oases violent boiling ooourred. During tha preeent
investigation Or the Alltson V-3420-11. engl~gne~:m;i.y
tests showed that varying the ooolan~ t

Tas 80° F resulted In a variation in heat ransfer mmoxi-
mately equal to that whioh would.be emeoted fbr a k6roed-
oonvmtion rmooessm Some evldenoe indi~ateo that w.lth

-. .. . .. . . .—. . .. ..-. .-— . —. —--- .-. . ..- . . ... . . . .
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very violent boiling, particularly at low ooolant flows,
the heat transfer is .a.tfeotedto..a..falrlylerge degree.
Pbr normal engine operat~on, however, the effect of moder-
ate boiling may be negleoted and in the present report
t43 heat to the ooolant will be.considered to be trans-
ferred entirely by foroed oonveotion.

Mmensional analjsis has shown and experiment has
‘verlfi.edthat for heat trwsfer by foroed mnveotlon the

Nuaselt ntier” ‘# 18 a &notion of’the Reynolds number

W and & Pra;tl

indloated that the~e
functions for either
turbulent flow; tbit

funo~ons are simple exponential
lati,narflow or fully developed
i8f .

. . ; Y?’(!w??)n- ‘1)....
where m and n are oonstant over fairly wide ranges
of Reyno’ldsand Prandtl numbers, exoept in the transition
region between lamlnar tmd turbulent flow. The rate of
heat transfer is given by the relationship

H = ~(tf - t~j (2)

wlmre S is the surface area over whioh the fluid flows
and tf and tw are the average temperaturesof the fluld
and wall, respectively. “Equations(1) and (2) may be com-
bined to give

r).+C’(tr -- tw)” “ (3)

For the heat-transfer prooess fr~m the combustion
gases to the oylkhder walls,. Z In equation (3) is ,some
representative intemlal dlmenslon of the cylinder. ~nae
Z ti S are,constsnt for a particular engine and shoe
the engine-a$r flow We “is proportional to ~, the
heat transferred from the combustion gases is “
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(4)

where
‘g is the effective temperature of the gases

within the oylinder over the entire oyole and the values
Of kg~ pg~ and ~Pg are also effective values over

the entire cycle. It is indioated n referenee 1 that,. k

[)

pHg8 ‘
the value of the term & ~ does not vary

Pga ‘8 .
appreciably with ohanges in engine operating eondl-
tions. More recent data on the effect of temperature
and fuel-alr ratio upon the physloal properties of
mixtures of fuel tid air after combustion (references2

and 3) indicate that

c>

& P.% D may vary appreciably
IJga ‘8

-withqhanges in engine fuel-air ratio. Since t
f

is also
‘ a fumtion of’fu l-air ratio, however, the varia ions

~

0

ofk@z.! may, to a first approfimation~ be
PgR %

Inoluded in the effective gas temperature. Equation (4.]
may therefore be written

Hg a ~ea(tg - ‘w) (5)

where
‘8

may be defined as the temperature that most
nearly sati~ftes equation.(5) and is a function of only
fuel-air ratio, intake-air temperature, spark timing,
and exhaust back pressure. A large number of tests have
shown ~at equation (5) Is very ,accuratefor air-cooled
englnes~ this equation may be expected to be equally
accurate for llquid-cooled engines.

The ra~e,of-heat transfer from the cyllnder walls
to the coolant 1s, by a similar analysis,

. — ...- .. . .- - . . . . .—
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----- .. . .()..-, ~cu WCMK 3!!2!25f (~ . to)
.. . . .. . .,.

. . “-ka “.. ..Pod .

or
f

.Awh r)pcPcHe o T (% - %)
“ (6)

i# .0 -. . . . . . .. . .. . . . . . ..
. . . 1,

. . .. . . ..

()%‘‘P+8 f
~ valm of the “term — In this ease depends

k~d k.

- upon the proportlona M. ethylene glyool and water used
as the ooolant and upon the “ooolanttemperature.

Beoause of the heat generated by frlotion between
the piston rings and the c~llnder barrels, the ooollng
of the pistons and barrels.by the oil, and the oooling
of the exposed surfaces of the cylinder blook, the heat
transferred from the combustion gases to the oylinder
walls is not equal to the heat transferred to the
0001ant‘gHc,. It is RS su,med-,~however, that

..-
..

Therefore, from equation (5); ‘

.

or .-
. .

(7)

. ..

.

tw = “tg. -.L“
Ewea..,. ...

S&at ftuting -~ for ~ in equation (6) y~elda‘g-ma .
.. e ...
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Equation (8) Is used in the
b
resent report to correlate

the data obtained on the V-3 0=11 engine.

For a single coolant mixture and coolant tempera-
ture, the physical properties of the coolant are oonstant
and equation (8) may be.rewrttten ae

tg -,.1 1

Ho =
—+—’
BWe a AfwCd .

(9)

EN41NE AND INSTRWMJTATION

The Allison Y-3420-11 engine tested is a 2L-oylinder,
double-vee, liqul.d-oooledengine, having a nozmd-power
rating of 2100 horsepower at 2600 rpm and a military-power
rating of 2600 horsepower at 3000 rpm. The engine has
a oompressi.on ratio of 6.65:1, a propeller-gear ratio
of 3.13:1, and a blower-gear ratio of 6.9:1. The impeller
diameter is 10 Inchee. The engine is equtp~ed with a
Bendix-Stromberg PR58B3 carburetor. A view of the engine
nacelle as set up fm the tests is shown in figure 1.

The ooolant system for thls engine installation had
two radiators, one for each half of the engine. The
“coolantflow from each half-of the engine was measured
by an annular-orifice flowmeter~ A close agreement with
these flow measurensnts was obtaine@ from pitot-static
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fIowmel&s that meaaured the flow into the indi-vidual
oyllnder blooks.

The ooolant temperature rise was measured b~ethr~e
thermocouples across eaah half o~ the engine.
and oold Junotioim of these thermocouples were looated
in the coolant piping near the engine outlet and inlet,
rea~otively. A hancl-bulanoedpolmntiometer was used
to Indloate the ooolant temperature dlfferenoe existing
between the hot and oolcl.jumtlons. In general, the
ooolant te~erature rise.through the e ine 18 dlffl.cult
to measure accurately. T-Some of the dif ioulty Is due
to the faot that the avez-all temperature difference
Is small throughout M.engiqe operating range. Llmlta-
tions In space available.$’or*ha installation of thermo-
couples present an addlti~hal ~re@tioal problem. The
aeourao

{
of the method usad In Iihasetests is estimated

to be t percent. The ta*Qrature of the coolant entering
the engine was measured by s rea$stsnoe thermometer in
oomjunotion with a speutsl ~cm.ammeter.

A sketeh of part of the ooolant system, whloh shows
the points of flow and temperature masu.mmnt for the
left half of the engine, is given as figure 2. The
Instrumentation for the coolant system on the right half
of the engine was stmllar.to that shown for the left
half.

Cylinder temperatures were measured by embedded
thermocouples and epark-plug-~asket thermocouples.
Embedded thermocouples were looated between the Intake
valves~ between the exhaust valves, and In the exhaust
spark-” lug bosses (as shown in fig. 3) of cylinders 1,

12, 3, , ~, ati 6 of the left bank and 1, ~, and 6 of
eaoh of the other three banks. Cylinder-barrel tempera-
tures were not measured because of the difficulty of
tnstalllng thermocouples. The carburetor-air temperature
was measured by two thermocouples soldered to the carbu-
retor soreen.

The englne=air flow was measured by a oallbrated
venturi (fig. 1). Fuel flow tiasmeasured by rotameters
and a veigh tank. Standard airoraft Instruments were “
used to meas~..msnifold pressure and engine speed- A
apeoial maroury U-tube manometer was.alao used to masure
msmlfold pressure for someool?the tests.

,

. .
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Tests were macb ‘d th. the Yallowing ‘fouroodltit
..mlxtures; (a) 100 percdnt dthyle.ti.glyool(AN-EY2),
-‘(b)80 pdroent by volumtiethylene glycol (AN-E=2) and~
.’20 pereent water, (w) 30 @rGent by vol~ ethylehe
glycol (AN-E-2) and 70 perdetitwater, and (-d)water~

1 . .
In’order to reduoe.coolant boiling during the tests

with the 30-70 mixt~e. M witli“water,the c’oolantsystem
was pressurized bylapplylng compressed alr to’the expansion
tanko “Asight glass”was..installedto.indicate tie coolant
lewel.. No appreciable tnorease.irithe coolant level was

, observed during any of the tests -’an intiloa~lonthat lazge
vapor pockets did not form .

The p opertles of the coolants were.obtained from
treferenoe . Curves showing these ‘propertiesfor mixtures

of pure ethylene gly~ol and water have been.plotted from
the data of referenee k and are presented In flgum b.
Ethylene glyool (AN-E-2) was oonstdered to be.97 percent
by volume pure ethylene glyool and 3 peroent water, with
the effeot of the Inhibitor neglected.

The heat rejection to the ooolant was determined by
use of the following equation:

Ho=wc c Pc ATC (10)
. .

where AT Is the temperature rise of the coolant
measured ~cross the engine.

The constant f in equation (6) was assumed .’?o:equal
().4as found by Sherwood and Petrle (reference 5). The
constants A and d were detemlned from a plot of

E.

.

u

()kc C*: “4(tw - t.)
.

against w;/~ on logarithmic paper.. tie term. tw -.ta
was found from the equation

tw - tc = o.61@w~- tc) (11)



MR No● L5D03 11

where twt is the average temperature measured by the
thermocouples embedded in th&-’hyfin& blook between the
intake valves, between the exhaust valves and in the
exhaust spark-plug bosses. The faotor O.& was obta$ned
from unpublished data from teats at the Cleveland Laboratory
of an Allison V-171O engine In whioh temperatures were
measured at various other points on the cylinder in addi-
tion to those between the valves and in the e*aust spark-
Plug boss. It was found that equation (11) holds olosely
for all operating conditions. Inasmuoh as the oyli.nders
of the V-34.20-11and V-171O engines are nearly identioal,
it may be expeeted that this relationship 1s also valid
for the V-3420-11 engine.

No tests were made to determine the effeets of spark
timing, exhaust baok pressure, or intake-air temperature
upon t .

4
There Is no provision on the v-3420-11 engine

for va Ing the spark timing and all the tests were made
with normal spark timing. The exhaust back pressure was
approximately 30 inches of mercury absolute throughout
the tests. The results are not applicable, therefore,
at high altitude except for a turbosupercharger instal-
lation with the engine operating at high powers.

It lxm been assumed that, es was found for the
oylinder head of an air-cooled ~ngine (referenoe 6),

%! inoreases approximately 0.8 per degree rise in
Intake-air temperature; that is,

$3= ‘go+ o.8(toarb + Atb]

where toarb is the carburetor-air temperature and Atb
Is the blower temperature rise. The blower rise was
calculated from the rollowing equation:

Vtz
Atb = —

C$paJ~ .

where
‘Pa

1s the specific heat of air at constant

pressure and Vt is the impeller tip speed. For the
V-3420-11 engine, this equation may be written

m-mm mmmmmmn m mm , , -.. . . . . . . . . .. -. .. .. . . —— . -—
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Atb = 0.oooo151f

where N is engine speed in revolutions pe”r”mlnute. “

In order to determine ths aotual value of ‘go at”
a fuel-air ratio of 0.08, tests were made at constant
engine operating conditions and varying coolant tempera-
tures. since, with constant We, ~

.
Hccctg-tw . “

Cct
so

+ o.6(tOarb + Atb) - tw

t was found by plotting tw - 0.8(tcarb + Atb) against
go
~ and extrapolating the resulting curves to ~ = O . for
whioh

‘%0= tw - 0-8~tcarb + Ah)

The values of tw uesd were obtaine”dfrom the equation

The coolant mixtme used for these tests was 100 peroent
ethylene glycol (A??+E-2)~

Tests were made at various fuel-air ratios with
engine speed and engine-air flow held constant to deter-
mine the value of ’80

at fuel-air rattos other than 0.08.

with tc, V?o, and We held oonstaqt, the value of
’60

could be found for the different fuel-air ratios from th6
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.. .
““”equwa-oxi ‘-“ -- . ,. .“ “. . .

. .

The value of the constant was determined from the measured
values of to and ~ at “afuel-air ratio of 0.08 and
the value of- tga”~ 0;8(toarb + Atb) previously deter-

mined for a fuei~air ratio of 0.08.

Tests were made qt”various engine speeds, engine
powers, and fuel-air ratios with eaoh of tilefour coolants-
The value”of

,

was determined f’oreach test an~ plotted against We on
logarithmic coordinates.

s
. .

RESULTS AND KXSCTJSS1ON

. against l@c from whloh the values of d and A of.,.
equations (61 and (8) were determined Is shown in fig-
ure 5. It may be seen that the slope d of the ourve
of flgune 5.Is not oonstant but deoreases with Increasing
wo/~ , as is usually observed .forthe transition region
between lamlnar “andfully developed turbulent flow.
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Separate values of d and A were seleoted from figure 5
for eaoh of the ooolants tested. These values are as
follows:

coolant mixture
(peroent by volume)

Eth lene glycol ~a~er d
r

A

AN-E-2)

100 0 O*34 309

80 20 .20 “ 728

30 70 ● 17 3,750

0 100 .095 11,600

‘e ‘alue0f ’80 at a fuel-air ratio of 0.06 was

detemined from the plot shown in figure 6. On an average
the data indicate that tgo for the entire cylinder Is

approximately ~00° F. Because of th large extrapolation8necessary in figure 6, values of 600 F and 8000 F for

‘6
at a fuel-air ratio of 0.08 were also used in oalcu-

la?ing the test data. Closer correlation between the
heat rejeotion to the coolant and the engine operating
conditions was obtained by using 700° F than by using
either 6000 F or 8000 F. The data obtained by using
600° F and 8000 F are not given in the present report.

A value of approximately 900° F for %0 for the

entire cylinder of an air-cooled engine was oalmlated
from data given in reference 1 for a Pratt & Whitney

3
R-1 40-H oylinder and in referenoe 6 for a Wright “
R-1 20-G cyllnder. The reason for the lower value of
700° F obtained for ‘go

for the V-3420-11 cylinder is

not entirely understood but this lower value may in part
be due to better scavenging of the V-3420-11 oylinder,
.whlohhas two intake *d exhaust valves with a compara-
tively large vaive overlap of 65°. . ~fferences”“in
cylinder construction, compression ratio, or spark .
tlmlng may also have contributed to the dl$ferenoes .

‘n ‘go
between these engines.

—— . . . . .. . ..— .-. —- . .. . . -. .. . .,- .. --, -.. . .. . .
I
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The.effeat of fuel-air.,ratlo

figure 7. Figure 8 shows

~m tgo ‘s shown in

t

I’Lo

plotted egalnst We. some of the soatter in figure 8 oan
be attributed to the llmlted accurmy of the nmthod used
to measure the coolant temperature rise.

~ heat-transfer equations obtained from equation (8)
and figures 8 and 5 are as follows:
_7631Zni mixtw~
(peroentby—— --

Ethylene
glycol

am

100

80

30

0

Voluzlw

Vatir

0

20

70

100

‘ Heat-transfer equation

~.
1 -0.52- lz~e0.

( )4

opokll- = O-34309+’ ~“ o
V(J

*. 1 -0.52
“ 13!Xg

k.
728—

(’.)4

poPog ‘“ ~ 0.28
&28 ~ 0
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‘l!hevalues of the seeond term of these equations

1

for various coolant mixtures, ooolsnt temperatures, and
coolant flow rates are presented in figure 9. For con-
venience In the use of these curves, “ o

is denoted by Z in figure 9.

The small effect of changes In coolant flow rate and
coolant properties upon the engine heat rejection may be
seen from the foregoing heat-transfer equations. The
value of’the tem

for 100 percent ethylene glyool 4N=E~2) at normal power

is approximately 0.20, whereas
!E o is approxl-
Ho

mately 1,15. An increase in coolant flow Wc of 50 per-
cent results in an inorease in heat transfer of only
2.5 percent If other conditions remain constant. A
change In ooolant to a mixture of 30 percent ethylene
glycol (AN-E-2) and 70 peroent water results in a value
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~ 0.17
0

cause en inorease inof approximately 0.~5j which w&ld
heat transfer of abotit”5percent.

The variation Ii average cylinder-wall temperature
tw with changes in ooolant flow rate or ooolent properties
may be fo~d from the resultlng ohange in Hc end from
the equation

.

Hc = ~ea(tg .- ‘W) .

If ‘;:eis constant,.

. ..,
.

I?cct”-tw :
~

Because of the small.effect upon the heat reja6tlon
of variations h

with ohange$ in coolant flow rate
coolant temperature t“c, tile-lxiat
ooolant mixtures may be plotted.as

u
By plottlng ~ qgalnst. We,l

%“’”
from wh~.~hthe.h6et”re~eotion ~.
only
from

a:smell sacrifiae in aocuraoy
figure S. ““” “m “

WC eqd.average engine
data for individual
shown in figure”10. . .

o~ves.:are “obtained
..

may .b”~det~~ned. wtth
imichtioreeksily than.... .

. .



It was assumed In the analysis that the heat generated
by frictlcm between the piston rings and the cylinder
barrels has little effect upon the heat rejection to the
coolant. Tests mere made with constant engine-air oon-
sumptlon at various engine speeds to determine the error
Involved in the use of this assumption. The data indicated
that

t 1.

deoreases slightly with increasin@ engine speed, but an
aocurate evaluation of this effect was not possible
primarily beoause of the limited aocuracy of the method
used to measure the ccmla.nttemperature rise. “

In order to relate the cooling characteristics .of
the engine to varfables mea~ured by the usual engine
instruments, calibration curves of’ WC and We are pre-
sented in figures 11 and 12, respectively. Figure 11
shows that the proportions of water and ethylene glyool
used for tie coolant have little effect upon the rate of
coolant flow* If cavitation occurs at the coolant pump
inlet, however, the flow may be considerably less than
that shown In figure 11. In prepati-ngfigure 12, the
engine-air flow We was assumed to be a function of
only the engine speed, manifold pressure, exhaust back
pressure, and the sum of the absolute carburetor-air
temperature and the blower temp”braturerise
t~arb + 460 + Atb. Data,from the Allison Mvislon of’

!%n6ral Motors Corp. indicate that the engine-air flow

varies inversely aa

~

~~ + 460 + At,

tcarb.+ 460 + Atb . ~UrVf3S Of

against engine speed are pzotted in

figure 12 for various manifold pressures. Throughout
the tests, the maximum dlffereno? between the measured
engine-air flow and the corresponding values given by
figure 12 was less than 4 peraent, No data were avail-
able concerning the effect of exhaust back pressure upon
engine-air flow.
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.- “-‘-The va~iatitm of brake-horsepower
ting conditions may be determined from

19

wl-thengine-opera-
the followlng

emp~rloal relation-obtained from the Allison Dlvis16n:

Brake horsepower =

[

Pm

““””1

~ -700
toarb -80

., l+—
10

(0.01). .

where . ..

Pm manifold pressure, in@e@of mercu~ absolute

toarb carburetor-air temperature, ‘F

KN oorreotlon faotor for enfine speed (fig. 13)

% correction fao-torfor.fuel-,alrratio (fig. 13)

The data obtained
In table I.

during the tests are presented

APPLICATION

!Jlmoughthe use of th~ curves presented in the
present report, the heat rejection to the coolant for
the Allison V-3&0-11 engine may be determined for any
particular engine operating condition. The followlng
example, based on engine operation at military power
(2600 bhp at ~00 rpm end a manifold pressure of ~. 5 in.
of mroury absolute), illustrates the procedure~
Typical operating condltions assumed are .

Carburetor-air temperature, tcarb,.OF . ‘.. . . . . . 80
Fuel-airratio . . . . . . .. , . . . . . . . . . 0.095
Coolant temperature out of engtne, ‘F . . . . . & ● 250
Coolant mixture . . . . . 70 percent by volume ethylene

‘ gly602 ~AI+E-2) .. .“

For engine operation at,3000 rpm and 4.4..5 Inohes of
mercury absolute, figure .1.2indioates that

We. . . ...
— = “697 ~

oarb + ~60 +-Atb

—



—.. .. . ..

.
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The blower,temperature Mae is.. - .. -””
. .

v.2“””’””’”

= 0.0900151(3000)2

= 13509° F
i

Solving for the engine-air flow yield$

.

we = 697~ Carb + 460 + Atb

= 697/S0 +. 460 + 136

= 18,1oo pounds per hour

‘For an engine-air flow of 18,1!)0pounds per hour
(fig. 8), .

t 1. = 0.820
Hc kc

( 74

~poh ●

A—— ~d

Wod %
a

..“.

. .

In order to determine the value of

. . 1“ “ ““
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●

if iti necessary to knQW the csoolantflow rate .Wo and the
average engine coolant temperature to. From figure 11,
V. = 78 pounds per second at PO rpm. It was fouhd during
the tests that the average engine ooolant temperature was
approximately 5° F lower than the ooolant temperature out
of the engine aver a wld
therefore, let to

. 245? ~n8e of oPerat@ conditions;
Then, from figure p(a), for

a ooolant mixture of 70 per~ent by volume ethylene glycol
(AN-E-2), a ooolant flow rate of 78 pounds per seoond, and
an average engine oool.anttemperature of 250° F’, the term

1
J.

k. Q“k
A—

cc)

Cp V*6
Wd

Pcd
ke c

denoted by ~ ‘(tc=250) is”equal to 0.160. In order to

oorrect this term to the desired value of tc, 245° F,
for the same Wc and coolant micxture,the correction
faotor F in figure 9(b) Is found to be 0.993. Tharefore,

z = ‘z(tc=250)

= 0.993 x 0.160

.

Then

= o .“159

tg - to

H
- 0.159 = 0.820

.6 . .

or . .,. .. . .

t~ - tc
HO =

o ● 9’79
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For a fuel-alr”ratio of 0.095, t go = 649° F from

figure 7.

Then

% = tgo + 0“8(tcarb+ Atb)

= 49 + 0.8(80 + 136)

= 822° r

Since to = 245° F,

Hc =

=

The Allison Division

‘/3- ‘c
O● 979

~

0.979

589 “Btuper second

&zuaranteesthat the heat refieo-
tlon to the coolant at mll~tary power shall not exoee~
608 Mu per second, which is approximately 3 peroent above
the heat rejection calculated in the preceding example.

CONCLUSIONS

As a result of an analysis made &f the heat-transfer
processes in liquid-cooled engines, an equation has been
developed that relates the heat rejeotlon to the ooolant
and the engine operating oonditlons. Tests of an Allison .

.
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V-3420-11 engine over a tide range of operating conditions ,
and for several ooolant mixtures showed that:

1: By detemlning the oonstants of the equation, the
he~t..rejeotionto the coolant”may”hepredicted with good
aoouraoy for any particular operating oondltlon.

2. !l!herate.of ooolant”.flowhad only-a s~ght effect
upon the rate of heat dissipation to the ooolant; also,
the effeot of the relative proportions of-ethylene glyool
and yqter oompostng t@ coolant ml@pIw upon t~ heat-
disqipqtlon rate was small.

-3. Changes In en@ine frlctick’ with engine speed had
.a small effect upon the heat rejection to the coolant; an
atiourateevaluation of this,effect was not made.

L. Tliei””effecti.vegas temperature for an entire
cyllnder of the T~-3~20-11engine was approximately 700° F
~;ro~ ~~1-air ratio of 0.Q8 and an Intake-air temperature

.s

Langley.MernorlalAe.ronautical:Laboratory
National Aclvlsor$Committee for Aeronautics “

Langley JRteldzVa.

L.. —.. — —.–- .—- —— — —— ----
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#ABLX T.- FCiSULTSOF T2STSOR ALLTSOtl v-J)J.20-11BNoYNS
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Cyllndor-wall

t Ompa?mture

Average (w

Mnnl fold Engino Carbumtor- Bniwre t r! c Fue 1 2ng1ne- Fuel- coalmt- :Oolmt Engine ccmlant engine Engine coalant Znglnw 011
k,tpm s 3UIW spead air ten!- pre s sure flow ●ir I-1o temper.9- t%llpe?,ture ,lse Coolent

~l;.,:y frPm) Pe;&re (i:;,:? “ (lb/h=) llb/hr)w ,%0 ;:;~ ,;;;;to
flom

Splrk-p~ halt tempera.

(gF) tempOra- (lblsec)
-bedded ~asket mjootionturnlnt(
tlnrnO-

ture the~o- (Btu/#@o) en In*

in. gage) ~Uf t R! ght *V. (“F)
mupla Couple

L9ft Right Tntal .
(~F)

half half half half A-. Mu. Ar. mu.
.— -

~o.o
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30.0
30.0
39.0
30.0
30.0
30.0
25.0
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25.0
25.0
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~
2 .3
2 .1
2 .0
22.0
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25.!I
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;;:.2
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30.0
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17.1
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i1 95
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15’33
1500
1500
1500
1705
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coolant mlxturs, 8’I percent bs volume ethylene glycol ( AN-E-2)
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TABIE 1.- RSSULTS OF T2STS ON ALLEON V-3420-11 BNOIKS - Contl nuod

arburetor -
●lr tam-
p.rmture
(OF)

30.2
50.2I
50.15
~o.19
Jo.11
30.09
30.06
30.09
30.10
30.10
30.06
30.07
30.0
30.0z
30.04
30,01+
30.014
30.01+

29.75
29.7
29.7?
29.7h
29.74
29.72
29.73
29.73

:M
29.89
29.86
29.98
29.97
30.20
30,19
30.19
30.20
30.19
30.19
30.19
50.19
30.02
30.02
30:$

29.98
29..a8
29.6
29.8i
29.86
30.20
30.20
50.20

1FuAl Engine
flow ●lr flo~
lbfir ) ( lb/hr )

295 4250
403
1505 1;%
1001 11490
845 10100

g; g!?

221 2E60
126 1400

2220
:; 8760

;& g
$!

8690
5& 87OO

1

Fuel- cOOlallt- :Oolmt
nlr s~atom tempera-

ratlo pmllnlra ture lnt,
( lb/sq engl ne
In. gage ) (OF)

E
—J
.0694--------- 20

------ 2
:~y ::::=::: ~

.086 ---------
?.077 --------- 201

4
.0 12 --------- 204
.O 67 --------- 205

:~1 ;::::: ~~

:gao~--------- 201+
--------- 203

.0 05 ---------
i

203
--------- 20

:86~~........- 20?
.0676--------- 204
.o&a --------- 205

Engine coolnnt
tempe~~ra rlsa

LaftFdght ~v.
half haIf

I I

N :::8%
10.910.1 10:5
11.010.5 10.

;;:?::: :!:!
12.111.3 11.7

1::21?:2 lg:~
7.7 8.4
9.1 9.3 9;2
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10.3 9.3 k
11.011.1 1?:0
10.312.0 11.1
10.611.5 11.0
10.2 9.4 9.8
10.7 9.7 10.2

I 1
Coolant mixture, lCXI parcent by volume ethyle

15110

l~g

i920
7970
7970

1:21:
:6~~

k1 10
1630
131130
1W70
1120
1610
7940
422

2310
6260
62to
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1620
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6270
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z62 0

3660

;Fo

.096 ---------

.0919---------

.007---------
1.090---------

.0710--------
;:~g5---------

---------
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:qfi :::::::::
---------
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---------
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. -------
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--------

I ----1 -------- --, -
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1
--------
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$~ $:1
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11.z----

1?:;
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Rj

j:g

10:0
10.II
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8“110.
12.4

Engine ooolant
flow

(lb/sac)

w 1 1

1
19.417.5 6.

b
22.22’2.0 .
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32.629.1 6?:

x+ ;~:: ~:

1 .2 12:6 26:
1 .7 14.9 31.
13.711.2 24.
15.713.6 29.
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29.626. 56.

:N %:! :t:
29.626.9 56.

glycol ( AN-E-2).
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TABL2! 1.- YESOLTS OF Y%STS ON ALLISON V-3420-11 tNGINS - concluded

Cylladcr-mll
tampersture

(“F)

Manl fold 2nglno Cmrburator- Ba”r5motrl o Fuel
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Figure l.- Engine-nacelle test setup for cooling tests of the Allison P
V-3420-11 engine. ul
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~igure 2.- Location of cdzmt flow-meter and thermocouples for left half of engine.
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